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CLAIMS 



[Claim(s)] 

[Claim 1] The branch circuit which consists of two or more notch circuits connected to the antenna, and 
the antenna switch which makes change connection of a sending circuit and the receiving circuit to a 
corresponding notch circuit, It is the module which constitutes the front end of a transceiver circuit 
equipped with three transceiver functions in which have the filter from which a higher harmonic is removed 
and communication modes differ. One notch circuit is made to serve a double purpose by two 
communication modes which use the frequency band which adjoins among three communication modes. 
And the antenna switch connected to the this notch circuit made to serve a double purpose is made to 
serve a double purpose in the sending circuit used for said two communication modes. The front end 
module for triple band cellular phones characterized by having the SAW filter which separates the input 
signal of said two communication modes, or a SAW duplexer. 

[Claim 2] The front end module for triple band cellular phones characterized by equipping the receiving side 
of communication modes other than the communication mode of said adjoining frequency band with an 
SAW filter as a filter in the front end module for triple band cellular phones of claim 1. 
[Claim 3] The front end module for triple band cellular phones characterized by carrying out raise in basic 
wages loading of said SAW filter or the SAW duplexer at the substrate of a front end module in the front 
end module for triple band cellular phones of claims 1 or 2. 

[Claim 4] The front end module for triple band cellular phones characterized by constituting as a module 
united with the ceramic multilayer substrate in one to claims 1-3 of the front end modules for triple band 
cellular phones while using a low pass filter as said filter, using diode as a means for switching of said 
antenna switch. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the front end module in the cellular phone used also 

[ communication modes / three ]. 

[0002] 

[Description of the Prior Art] For example, the front end module for dual band cellular phones of GSM in 
Europe and a DCS method is indicated by JP f 1 1-225088,A. This is a module which switches transmission 
and reception of two different communication modes. 
[0003] 

[Problem(s) to be Solved by the Invention] The front end module shown in said official report is 
inapplicable to the thing which enabled it to all use the separate telephone which works in the band which 
is three from which a frequency differs like the triple band cellular phone of GSM (transmit frequencies of 
880-91 5MHz, received frequency of 925-960MHz) in Europe, DCS (transmit frequencies of 1710-1785MHz, 
received frequency of 1 805-1 880MHz) and a PCS (transmitHrequencies 1850 - 1910 MHz, received 
frequency of 1 930-1 990MHz) method by one set of a terminal. 

[0004] Then, since it enables it to use three frequency bands by one set of a cellular phone, it is possible 
to add an antenna switch to an another receiving circuit and an another sending circuit, to prepare a low 
pass filter corresponding to a sending circuit, and to prepare the branch circuit which consists of a 
triplexer instead of a diplexer. 

[0005] However, when a ceramic multilayer substrate constitutes such a front end module for triple bands, 
it is necessary to prepare more circuit elements in this ceramic multilayer substrate, and this ceramic 
multilayer substrate becomes still more complicated, and it becomes difficult to miniaturize it 
[0006] Then, when using one set of a cellular phone for three communication modes in view of the trouble 
of such a conventional technique, reduction of circuit elements is possible for him, and this invention 
person etc. developed the front end module of a configuration of having been shown in drawing 5 as a front 
end module for cellular phones whose miniaturization is attained, and has proposed as an application for 
patent 2000-050669. 

[0007] In drawing 5 , 1 and 2 are a low frequency band side receiving circuit and a sending circuit, 
respectively, for example, are used for said GSM method. This receiving circuit 1 is connected to the 
terminal T7 of front end module 6 A through SAW filter 13 and the impedance-matching circuit 14. A 
sending circuit 2 is connected to the terminal T1 1 of front end module 6A. 

[0008] 3 and 4 are high-frequency band receiving circuits, respectively, one high-frequency band receiving 
circuit 3 is used for said DCS method, for example, and the high-frequency band receiving circuit 4 of 
another side is used for said PCS method, for example. One receiving circuit 3 is connected to the terminal 
T5 of front end module 6A through SAW filter 15 and the impedance-matching circuit 16. The receiving 
circuit 4 of another side is connected to terminal T3 of front end module 6A through SAW filter 1 7 and the 
impedance-matching circuit 18. 

[0009] 5 is a sending circuit used common to said two communication modes, DCS and PCS, for which two 
adjoining frequency bands are used. This sending circuit 5 is connected to the terminal T1 of front end 
module 6A. 

[0010] The diplexer 8 as a branch circuit which front end module 6A is connected to an antenna 7, and is 
divided into the signal of a low frequency band and a high-frequency band, Said low frequency band 
antenna switch 9 and the low pass filter 10 from which the RF generated in the low frequency band 
sending circuit 2 is removed, It consists of a low pass filter 1 1 from which the higher harmonic generated in 
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the sending circuit 5 made t<Werve a double purpose by two communication modes of a RF band is 
removed, and high frequency band antenna switch 1 2A used for two communication modes. 
[001 1] Drawing 6 is the representative circuit schematic of the front end module of drawing 5 . In drawing 
6 , the low frequency band notch circuit 19 which constitutes a diplexer 8 consists of capacitors C1 and 
C3 and an inductor L1. Moreover, the high frequency band notch circuit 20 is constituted so that it may 
consist of a capacitor C2 and inductors L2 and L3 and may become the property which can pass the signal 
used for two communication modes of a high frequency band. 

[0012] The low pass filter 10 for higher-harmonic-wave removal connected to a terminal T11 consists of 
capacitors C4-C6 and an inductor L4. The low frequency band antenna switch 9 is inserted between the 
notch circuit 19 and a low pass filter 10, and consists of the bias terminal T10 which impresses the bias 
voltage for a change-over, capacitors C7-C10, an inductor L5 and L6, resistance R1, and diodes D1 and 
D2. 

[0013] The low pass filter 11 for higher-harmonic-wave removal connected to a terminal T1 consists of 
capacitors C16-C18 and an inductor L10, and it is constituted so that the property which suits the 
frequency band used for two communication modes may be acquired. 

[0014] High frequency band antenna switch 12A is inserted between the notch circuit 20 and a low pass 
filter 11, and consists of inductors L7-L9, L11 and L12, resistance R2, and diodes D3-D5. [ capacitors 
C11-C15, C19-C21, ] [ the bias terminal T2 for a change-over, T four, ] 

[001 5] In this front end module, about two communication modes which the frequency band to be used 
adjoins, a diplexer 8 is made to serve a double purpose in the sending circuit 5 which uses a part of low 
pass filter 1 1 and antenna switch 1 2A for two communication modes while it makes the notch circuit 20 
serve a double purpose. 

[0016] By considering as such a configuration, the configuration of the front end module in connection with 
the diplexer 8 and antenna switch 12A which are a branch circuit is simplified, the number of circuit 
elements is reduced, and a miniaturization can be attained. 

[001 7] However, in the front end module shown in drawing 5 , since the switch which consists of diode D5 T 
capacitors 19-C 21, inductors L1 1 and L12, and bias terminal T four was used for the change of the input 
signal of two communication modes by the side of the high frequency which a frequency band adjoins, the 
high frequency device and bias circuit for switching devices (diode D5) were required for it. 
[0018] Moreover, since SAW filters 15 and 17 were provided out of the front end module as shown in 
drawing 5 , the impedance-matching circuits 16 and 18 were required between front end module 6A. 
[0019] When a switching device and a bias circuit become unnecessary at the change of the input signal of 
a contiguity frequency band with respect to amelioration of the front end module for triple band cellular 
phones concerning said point ** f the impedance-matching circuit between an SAW filter and a front end 
module becomes unnecessary, and this invention aims at offering the front end module for triple band 
cellular phones whose miniaturization is attained in the simplification list of the configuration of the cellular 
phone which uses a front end module. 
[0020] 

[The means for solving a technical problem, an operation, effectiveness] The front end module for triple 
band cellular phones of claim 1 The branch circuit which consists of two or more notch circuits connected 
to the antenna, and the antenna switch which makes change connection of a sending circuit and the 
receiving circuit to a corresponding notch circuit, It is the module which constitutes the front end of a 
transceiver circuit equipped with three transceiver functions in which have the filter from which a higher 
harmonic is removed and communication modes differ. One notch circuit is made to serve a double 
purpose by two communication modes which use the frequency band which adjoins among three 
communication modes. And the antenna switch connected to the this notch circuit made to serve a double 
purpose is made to serve a double purpose in the sending circuit used for said two communication modes, 
and it is characterized by having the SAW filter which separates the input signal of said two communication 
modes, or a SAW duplexer. 

[0021] Thus, a switching device and a bias circuit become unnecessary at the change of the input signal of 
a contiguity frequency band by having the SAW filter which separates the input signal of two 
communication modes of an adjoining frequency band, or a SAW duplexer. Moreover, the impedance- 
matching circuit between an SAW filter and a front end module becomes unnecessary by preparing an SAW 
filter or a SAW duplexer in a front end module. A miniaturization becomes possible from these things at the 
simplification list of the configuration of the cellular phone which uses a front end module. 
[0022] The front end module for triple band cellular phones of claim 2 is characterized by equipping the 
receiving side of communication modes other than the communication mode of said adjoining frequency 
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band with an SAW filter as aWer in claim 1. 
[0023] Thus, by equipping the receiving side of communication modes other than an adjoining frequency 
band with an SAW filter as a filter, also in this receiving side, the impedance-matching circuit between an 
SAW filter and a front end module becomes unnecessary, and the miniaturization of the further 
configuration of the cellular phone which uses this front end module is attained. 

[0024] The front end module for triple band cellular phones of claim 3 is characterized by carrying out raise 
in basic wages loading of said SAW filter or the SAW duplexer at the substrate of a front end module in 
claims 1 or 2. 

[0025] Thus, it is carried in the substrate which constitutes a front end module in the small condition, 
without an SAW filter or a SAW duplexer having a package by carrying out raise in basic wages loading of 
an SAW filter or the SAW duplexer, and a front end module can be constituted small. 
[0026] In either to claims 1-3, it is characterized by constituting as a module united with the ceramic 
multilayer substrate while a low pass filter is used for the front end module for triple band cellular phones 
of claim 4 as said filter, using diode as a means for switching of said antenna switch. 

[0027] Thus, mounting of a front end module becomes easy by storing a front end module in one ceramic 

multilayer substrate. 

[0028] 

[Embodiment of the Invention] Drawing 1 is the block diagram showing the gestalt of 1 operation of the 
front end module by this invention. In drawing 1 , 6 is a front end module. 1 and 2 are a low frequency band 
side receiving circuit and a sending circuit, respectively, for example, are used for said GSM method. 3 and 
4 are high-frequency band receiving circuits, respectively, one high-frequency band receiving circuit 3 is 
used for said DCS method, for example, and the high— frequency band receiving circuit 4 of another side is 
used for said PCS method, for example. 5 is a sending circuit used common to said two communication 
modes, DCS and PCS, for which two adjoining frequency bands are used. 

[0029] The diplexer 8 as a branch circuit which the front end module 6 is connected to an antenna 7, and 
is divided into the signal of a low frequency band and a high-frequency band, Said low frequency band 
antenna switch 9 and the low pass filter 10 from which the RF generated in the low frequency band 
sending circuit 2 is removed, The low pass filter 1 1 from which the higher harmonic generated in the 
sending circuit 5 made to serve a double purpose by two communication modes of a RF band is removed, It 
consists of an antenna switch 12 for a high frequency band transmission-and-reception change used for 
two communication modes, and SAW filters 15 and 17 which separate the input signal of said two 
communication modes. The receiving circuit 1 by the side of a low frequency band is connected to the 
terminal T7 of the front end module 6 through SAW filter 13 and the impedance-matching circuit 14. 
[0030] Drawing 2 is the representative circuit schematic of the front end module of drawing 1 . In drawing 
1 , the low frequency band notch circuit 19 which constitutes a diplexer 8 consists of capacitors C1 and 
C3 and an inductor L1. Moreover, the high frequency band notch circuit 20 is constituted so that it may 
consist of a capacitor C2 and inductors L2 and L3 and may become the property which can pass the signal 
used for two communication modes of a high frequency band. 

[0031] The low pass filter 10 for higheiHiarmonic-wave removal connected to said terminal T11 consists 
of capacitors C4-C6 and an inductor L4. The low frequency band antenna switch 9 is inserted between the 
notch circuit 19 and a low pass filter 10, and consists of the bias terminal T10 which impresses the bias 
voltage for a change-over, capacitors C7-C10, an inductor L5 and L6, resistance R1, and diodes D1 and 
D2. 

[0032] The low pass filter 1 1 for higher-harmonic-wave removal connected to said high-frequency band 
sending circuit 5 through a terminal T1 consists of capacitors C16-C18 and an inductor L10, and it is 
constituted so that the property which suits the frequency band used for two communication modes may 
be acquired. T3 and T5 are terminals connected to said high-frequency band receiving circuits 4 and 3, 
respectively. 

[0033] The high frequency band antenna switch 12 is inserted between the notch circuit 20 and a low pass 
filter 11, and consists of the bias terminal T2 which impresses the bias voltage for a change-over, 
capacitor C11-C15 and C22, inductors L7-L9, resistance R2, and diodes D3 and D4. 
[0034] A capacitor C22 is for a direct-current cut, and is connected to SAW filters 15 and 17 for 
frequency separations in common. SAW filters 15 and 17 divide a RF side input signal into the input signal 
of said DCS method and a PCS method, respectively. 

[0035] In this equal circuit, if bias voltage is impressed to the bias terminal T10 of the low frequency band 
antenna switch 9 and diodes D1 and D2 are operated, between the sending-circuit connection terminal T11 
and antennas 7 will be in a connection condition, and a signal can be sent from an antenna 7 from a 
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sending circuit 2. Where it di^nbt apply bias to the bias terminal T1u^r a reverse bias is applied on the 
other hand, between the receiving-circuit connection terminal T7 and an antenna 7 will be in a connection 
condition. 

[0036] In the high frequency band antenna switch 1 2, if bias is impressed to the bias terminal T2 of the 
high frequency band antenna switch 12 and diodes D3 and D4 are operated, between the sending-circuit 
connection terminal T1 and antennas 7 will be in a connection condition, and the signal of either of the two 
communication modes from a sending circuit 5 can be sent from an antenna 7. 

[0037] Where it did not apply bias to the bias terminal T2 or a reverse bias is applied on the other hand, 
between SAW filters 15 and 17 and an antenna 7 will be in a connection condition, and in the case of the 
input signal of a DCS method, the signal which passes through the notch circuit 20 from an antenna 7 
passes SAW filter 15, and is inputted into a receiving circuit 3. In the case of the input signal of a PCS 
method, the signal which passes through the notch circuit 20 from an antenna 7 passes SAW filter 17, and 
is inputted into a receiving circuit 4. 

[0038] Thus, if constituted, when the diode D5 for the change of the input signal of two communication 
modes by the side of the adjoining high frequency which was shown in drawing 6 , capacitors 19-C 21, 
inductors L11 and L12, and bias terminal T four will become unnecessary, the circuit for impressing bias 
voltage becomes unnecessary. 

[0039] Moreover, the impedance-matching circuits 16 and 18 between SAW filters 15 and 17 and front end 
module 6A which were shown in drawing 5 become unnecessary, and simplification of a configuration and 
the miniaturization of the cellular phone which uses this front end module are attained. 

[0040] The side elevation of the substrate in which an example at the time of drawing 3 (A) using the front 
end module of this invention as a ceramic multilayer substrate, and constituting in one is shown, and 
drawing 3 (B) are sectional views in which the top view and drawing 3 (C) show the end view, and (D) 
shows the loading structure to the multilayer substrate of SAW filters 1 5 or 1 6. In these drawings, 30 forms 
said capacitor C1-C18, C22, and inductors L1-L10 in the interior with a sheet laminated layers method or 
screen printing, and comes to prepare said terminals T1-T12 in a side face and an end face. 31 serves as 
the duty adsorbed by the adsorption nozzle of the equipment for being shielding covering which becomes 
with conductive ingredients, such as a wrap metal, and mounting the top face of a substrate 30 on a 
mother board. It connects with T6 and T12 which become a grand terminal as shown in drawing 2 
electrically, and the edge of this shielding covering 31 is fixed to them. The hole and mark 31a which show 
the direction of modular to the shielding covering 31 are prepared. In the front face of a substrate 30, raise 
in basic wages loading of said SAW filters 15 and 17 is carried out, and it is covered with mold resin 33, and 
is protected from the hygroscopic moisture in air etc. Moreover, on a substrate 30, diodes D1-D4 (not 
shown) are carried. Resistance R1 and R2 is formed in the surface section of a substrate 30. 
[0041] Thus, since front end modules including diode, and an SAW filter and a low pass filter were stored in 
one ceramic multilayer substrate 30, mounting of a front end module becomes easy. 

[0042] Moreover, since SAW filters 15 and 17 carried out raise in basic wages loading, as compared with 
the case where it carries including a package, it can mount small, and it miniaturizes and-izing of the whole 
front end module can be carried out [ thin shape ]. SAW filters 15 and 17 can be constituted as a SAW 
duplexer which summarized these into one substrate. 

[0043] Drawing 4 is the block diagram showing the gestalt of other operations of the front end module by 
this invention. The gestalt of this operation also equips the receiving side of communication modes other 
than the communication mode of an adjoining frequency band with SAW filter 13 as a filter. 
[0044] Thus, by equipping the receiving side of communication modes other than an adjoining frequency 
band with SAW filter 13 as a filter, the impedance-matching circuit 14 between SAW filters 13 and front 
end module 6A which were shown in drawing 5 becomes unnecessary, and the further miniaturization of the 
cellular phone which uses this front end module is attained. 

[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram showing the gestalt of 1 operation of the front end module of this 
invention. 

[Drawing 2] It is the representative circuit schematic showing the gestalt of 1 operation of the front end 
module of this invention. 

[Drawing 3] The side elevation showing the appearance of the gestalt of 1 operation of the front end 

module according [ (A) ] to this invention and (B) are sectional views in which the top view and (C) show 

the end view, and (D) shows the loading structure to the substrate of the SAW filter. 

[Drawing 4] It is the block diagram showing the gestalt of other operations of a front end module in this 

invention. 

[Drawing 5] It is the block diagram showing the front end module of point **. 

[Drawing 6] It is the representative circuit schematic of the front end module of drawing 5 . 

[Description of Notations] 

3 A low frequency band receiving circuit, 2:low frequency band sending circuit, 4 : 1: A highHrequency band 
receiving circuit, 5: A high frequency band sending circuit, 6rfront end module, 7 : An antenna, 8 : A 
diplexer, 9:low frequency band antenna switch, 10:low frequency band low pass filter, 11: A high-frequency 
band low pass filter, 12:highHrequency band antenna switch, 13 and 15, 17:SAW filter, 14 and 16, 
18:impedance-matching circuit, 19, 20:notch circuit, a 30:multilayer substrate, 31 shielding covering, 33: 
Mold resin 
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